Chromosome 5p15.33, containing TERT and CLPTM1L genes, was recently identified as one of the susceptible regions for lung cancer in Caucasian populations. We hypothesized that singlenucleotide polymorphisms (SNPs) identified in this region in Caucasians are also important in the development of lung cancer in Chinese population. To test this hypothesis, we genotyped two most significant SNPs reported in Caucasians, rs2736100A/C and rs402710C/T at 5p15.33, in a case-control study with 1221 non-small cell lung cancer (NSCLC) cases and 1344 cancer-free controls in a Chinese population. We found that rs2736100C allele in TERT gene was associated with a significantly increased risk of NSCLC with adjusted odds ratios of 1.26 [95% confidence interval (CI) 5 1.05-1.51] and 1.31 (95% CI 5 1.04-1.66) for one or two copies of the variant C allele, respectively. This significant association was more prominent among female (P for heterogeneity: 0.044), non-smokers (P for heterogeneity: 0.054) and/or the subjects with adenocarcinoma (P for heterogeneity: 0.058). However, no significant association was found between rs402710C/T and NSCLC risk. These results suggest that genetic variants in 5p15.33, especially in TERT gene, may also predispose the susceptibility of lung cancer, especially adenocarcinoma, in Chinese population.
Introduction
Lung cancer, predominantly non-small cell lung cancer (NSCLC), is the most common cancer as well as the leading cause of cancerrelated deaths around the world (1) . Tobacco smoking is the major cause attributing to lung cancer, but gene-environment interaction has been considered the definitive way of lung cancer development. Although a large number of studies have focused on the heritable component of lung cancer, the genetic basis of susceptibility to lung cancer, especially for sporadic cases, is still undefined. Genome-wide association studies, by tagging polymorphisms across the whole genome and usually along with large sample size and multiple-stage replications, allow for sufficient power detecting the genetic effect on complex diseases, including lung cancer.
Recently, two genome-wide association studies have identified the same susceptible region at chromosome 5p15.33 for lung cancer in Caucasians (2, 3) . McKay et al. (2) identified two uncorrelated markers for lung cancer risk, rs2736100A/C and rs402710C/T, located in TERT and CLPTM1L, respectively. TERT, as the reverse transcriptase component of telomerase, was suggested to be one plausible candidate for its critical role in maintenance of telomere, chromosome stability and ultimately preventing normal cell malignance (4, 5) , whereas CLPTM1L (alias CRR9) was hypothesized to involve in apoptosis and was reported frequently amplified in early-stage NSCLC (2, 6) . Another study directed by Houlston (3) also identified the same susceptible region of 5p15.33, which was defined by the single-nucleotide polymorphism (SNP) rs401681C/T localizing to intron 13 of CLPTM1L and being in high linkage disequilibrium (LD) with rs402710 (r 2 5 0.66 in HapMap for the population of European descent and r 2 5 0.89 for Chinese). Therefore, rs2736100A/C in TERT and rs402710C/T in CLPTM1L in this 5p15.33 region are two most significant and potential biomarkers of lung cancer susceptibility in Caucasians.
In the current study, we hypothesized that SNPs identified in this 5p15.33 region in Caucasians are also important in the development of lung cancer in Chinese population. To test this hypothesis, we genotyped two most significant SNPs reported in Caucasians, rs2736100A/C in TERT and rs402710C/T in CLPTM1L at 5p15.33, in an ongoing case-control study of 1221 NSCLC cases and 1344 frequency-matched cancer-free controls in a Chinese population.
Materials and methods
This ongoing molecular epidemiological study of lung cancer conducted in Nanjing, China, was approved by the Institutional Review Board of Nanjing Medical University. Details of the study design and the subjects recruitment have been described previously (7) . Briefly, incident patients with histologically confirmed NSCLC were recruited from July 2003 at the Cancer Hospital of Jiangsu Province, the First Affiliated Hospital of Nanjing Medical University and the Nanjing Thoracic Hospital, Nanjing, China. There were no restrictions of age, sex and histology for the recruitment and the exclusion criteria of the cases included previous cancer, metastasized cancer and previous radiotherapy or chemotherapy. A total of 1221 NSCLC cases were obtained and all of them were genetically unrelated ethnic Han Chinese residing in Nanjing City or surrounding regions in Jiangsu Province of eastern China. The 1344 cancer-free controls were randomly selected from a pool of 30 000 individuals participated in a community-based screening program for non-infectious diseases conducted in Jiangsu province during the same time period as the cases were recruited. The control subjects had no history of cancer and were frequency matched to the cases by age (±5 years), sex and residential area (urban or rural). After a written informed consent was obtained, face-to-face interviews were conducted to obtain demographic data (e.g. age and sex) and exposure information (e.g. smoking status) by trained interviewers and 5 ml venous blood sample was collected from each participant. Individuals who smoked one cigarette per day for .1 year were defined as ever smokers, otherwise they were considered as never smokers. Those smokers who quit for .1 year in their lifetime were considered as former smokers. Cumulative smoking dose was measured by pack-years smoked [(cigarettes per day/20) Â smoking years]. Light and heavy smokers were categorized according to the 50th percentile of pack-years from the control subjects (i.e. 25 pack-years and .25 pack-years).
Genotyping
Genomic DNA was extracted from a leukocyte pellet by proteinase K digestion and was followed by phenol-chloroform extraction and ethanol precipitation. Both SNPs (rs2736100A/C and rs402710C/T) were genotyped by using polymerase chain reaction (PCR)-restriction fragment length polymorphism method. We used a pair of primers of 5#-CCCCACAAGCTAAGCATTAT-3# (sense) and 5#-GAAGAACCACGCAAAGGAC-3# (antisense) to amplify a 152 bp PCR product for rs2736100, which was digested by restriction enzyme of Sfc I (New England BioLabs, Beverly, MA) and separated on a 3% agarose gel. The C allele produces two fragments of 104 and 48 bp and the A allele results in a single 152 bp fragment. For rs402710, the primers were 5#-ACATTTGCTTTCAGTGGCTCA-3# (sense) and 5#-CCGTTGGCTTGGTT-AGGTT-3# (antisense) and the 473 bp PCR fragment was digested by Pvu II (New England BioLabs). The product with T allele is divided into 263 and 210 bp fragments, whereas the C allele keeps one fragment of 473 bp.
Genotyping was performed without knowing the subjects' case or control status and approximately equal numbers of the cases' and the controls' samples were assayed in each 96-well PCR plate with a positive control of a sample Abbreviations: CI, confidence interval; LD, inkage disequilibrium; NSCLC, non-small cell lung cancer; OR, odds ratio; PCR, polymerase chain reaction; SNP, single-nucleotide polymorphism. with a known heterozygous genotype. To validate the genotyping results, 10% randomly selected samples were repeated and the accordance rate achieved 100%. Furthermore, three samples with different genotypes for each SNP were randomly selected to confirm the genotyping results by sequencing. The PCR products of each target genotype were purified with a QIAEX II Gel extraction kit (Qiagen, Chatsworth, CA) according to the manufacturer's instructions and directly sequenced with an automated sequencer (ABI 377; PE Biosystems, Foster City, CA).
Statistical analysis
Two-sided v 2 test was used to examine differences in the distributions of demographic characteristics, selected variables and genotypes among cases and controls. The Hardy-Weinberg equilibrium was tested by a goodness of fit v 2 test to compare the observed genotype frequencies with the expected ones among the control subjects. Unconditional logistic regression was used to estimate crude odds ratio (OR), adjusted OR and their 95% confidence intervals (CIs), with adjustment for age, sex and smoking status, where appropriate. A more-than-multiplicative interaction was evaluated by logistic regression analysis including main effect variables and their product terms. The heterogeneity between stratifications was assessed with the chi-square-based Q-test and the heterogeneity was considered significant when P , 0.10. All analyses were performed using the Statistical Analysis System software (v.9.1.3; SAS Institute, Cary, NC). P , 0.05 was used as the criterion of statistical significance except for heterogeneity test, and all statistical tests were two sided.
Results
The characteristics of the 1221 NSCLC cases and 1344 cancer-free controls are summarized in Table I . There were no significant differences in terms of distributions on age ( 60 and .60 years old), sex and area between the cases and the controls (P 5 0.861, 0.882 and 0.906, respectively), suggesting that our frequency matching of the demographic characteristics was satisfactory. As expected, more current or former smokers and higher smoking dose were observed in case group compared with that in control group (both P , 0.001). Of the 1221 NSCLC cases, 711 (58.2%) were adenocarcinoma, 374 (30.6%) squamous cell carcinoma and 136 (11.1%) large cell, mixed cell or undifferentiated carcinomas.
The call rates of genotyping were .98% for both SNPs, reaching 99.5 and 98.6% for rs2736100 and rs402710, respectively. The observed genotype frequencies for these two polymorphisms were both in agreement with that expected under the Hardy-Weinberg equilibrium among the controls (P 5 0.719 for rs2736100 and 0.578 for rs402710). As shown in Table II , the rs2736100C allele in TERT gene was associated with a significantly increased risk of NSCLC (P 5 0.020), with adjusted ORs of 1.26 (95% CI 5 1.05-1.51) for one copy and 1.31 (95% CI 5 1.04-1.66) for two copies of the C allele compared with the common homozygote AA. When we combined the variant genotypes (ACþCC) assuming a dominant genetic model, the combined variant genotypes significantly increased the risk of NSCLC by 1.27-fold (95% CI 5 1.07-1.51). However, no significant association was detected between rs402710 in CLPTM1L and NSCLC risk (Table II) .
The associations for these two SNPs with NSCLC risk were further examined in subgroups according to selected variables ( Figure 1A and B). As seen in Figure 1A , for rs2736100, the increased NSCLC risk of variant genotypes was more pronounced among female subjects (P for heterogeneity 5 0.044), never smokers (P for heterogeneity 5 0.054) and/or those with adenocarcinoma (P for heterogeneity 5 0.058), with the adjusted ORs (95% CIs) of 1.74 (1.23-2.48) for females, 1.59 (1.21-2.10) for non-smokers and 1.39(1.13-1.70) for those with adenocarcinoma, respectively. Furthermore, the association of rs2736100 with lung adenocarcinoma risk seems to exist in both male (OR 5 1.24, 95% CI 5 0.97-1.59) and female subjects (OR 5 1.74, 95% CI 5 1.20-2.52). However, there were no significant associations with NSCLC risk among different subgroups for rs402710 genotypes ( Figure 1B ). In addition, no significant genegene and/or gene-environmental interactions were detected. LD analyses revealed that rs402710 and rs2736100 were in low LD with r 2 of 0.044 and D# of 0.370 in controls. Therefore, haplotypes were not inferred because the two SNPs were not within one haplotype block.
Discussion
To our knowledge, we are the first group to replicate the associations of rs2736100 and rs402710 at 5p15.33, with the risk of lung caner in non-Caucasian populations. In this study, our results confirmed that rs2736100 in TERT was potentially one susceptibility marker of lung cancer in Chinese population. Specifically, the effect of rs2736100 seems more prominent among female, non-smokers and/or the subjects with adenocarcinoma.
TERT was considered to be a more plausible candidate at 5p15.33 for lung cancer risk because of its definitive role in telomerase activity as a reverse transcriptional catalytic subunit (4). Telomerase functions in chromosome degrading, end-to-end fusion, rearrangements and chromosome loss (8) . High expression or activation of telomerase was always observed in tumor samples, including lung cancer, suggesting the critical role of TERT in tumorigenesis (5) .
This study provided the strong evidence from Chinese population that the 5p15.33 might be the causal region to predispose to lung cancer susceptibility, and the effect of the SNP rs2736100 (allelic OR 5 1.16) was comparable with that in Caucasian population (allelic OR 5 1.14) (2) . However, the functional significance of the SNP rs2736100, located in intron 2 of TERT, was not clear. It is possible that rs2736100 is in highly LD with other potential functional or causal SNPs contributing to the development of lung cancer. To define the potential causal SNP, we searched the chromosome region around rs2736100 (chr5:1239516..1439516) in both Caucasian Utah residents with Northern and Western European ancestry population and Han Chinese in Beijing population in HapMap database (HapMap Data Rel 24/phaseII Mar08, on NCBI B36 assembly, dbSNP b126), which showed similar LD plots in both populations (supplementary Figure 1 is available at Carcinogenesis Online). However, there was no SNP linking to rs2736100 with r 2 being .0.40 in such a region in either Utah residents with Northern and Western European ancestry or Han Chinese in Beijing populations, whereas three SNPs (rs10069690, rs2242652 and rs2853676) with r 2 .0.10 in both populations (supplementary Figure 2 is available at Carcinogenesis Online), but all of them were localized to the introns of TERT gene. One possible explanation was that the density of SNP in this region covered by HapMap was somewhat low (SNP/1170bp), which may be resolved by resequencing the region in further studies.
Interestingly, we found that the effect of rs2736100 was more prominent among female subjects, non-smokers and/or those with adenocarcinoma. Both of the female subjects and non-smokers were prone to be adenocarcinoma, with proportions of 82.4% in females (257/312) and 79.5% in non-smokers (346/435), respectively. In the male subjects, the association was also observed in adenocarcinoma but not in squamous cell carcinoma. The histology specific association might be possible because the TERT gene was more frequently amplified in adenocarcinoma (75%) than that in squamous cell carcinoma (35%) (9) . In other studies, different expressions of TERT were also observed between adenocarcinoma and other histological carcinomas (10, 11) .
In conclusion, we found that SNP rs2736100 in TERT identified in 5p15.33 region in Caucasians is also important in the development of lung cancer, especially adenocarcinoma, in Chinese population. Further validation studies with different ethnic background, together with the resequencing of this region, and functional evaluations are warranted. Supplementary Figures 1 and 2 
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